Application Development for the Distributed Enterprise (ADDE) supports design of distributed work practice and ICT (Information and Communication Technologies) systems. It brings to a project the design decisions needed for distribution, and guidance on how to make them. It is intended to enhance and extend existing design practice, rather than replace it. ADDE provides: a guide, a repository and supporting software tools, an underlying metamodel, based on UML, that may be used in developing further software tools, or adapting existing tools to work with the ADDE repository. The paper will introduce the ADDE project, its objectives, motivations and results. After that, it will present the main principles which have driven our approach to distributed system design, and in particular the focus on distribution issues, the separation of organisational and technical issues, the emphasis on the design process as a decision process, the notion of technological services and the method independence of the guidance. Then, the guidance on the definition and planning of the application development will be briefly introduced. This will be followed by a presentation of the guidance on distributed application design, along with the concepts of macro and micro decisions. Finally, the future work of the ADDE project will be sketched.
0RWLYDWLRQ IRU $''(

7HFKQLFDO (YROXWLRQ
Businesses are becoming more distributed. Technology is a major factor. Prices are falling, performance is increasing, ease and speed of deployment (especially for Inter-and intranetbased services) are increasing, for technology that supports distribution. Technologies that have been seen as addressing different requirements (such as workflow, GroupWare, database, Internet, desktop products) are converging and overlapping in function. There are three consequences. Firstly, the options for providing ICT services keep widening, and the choices are harder to make. Secondly, it is less and less practical to isolate facets of ICT services, such as workflow and database, and design them separately. Thirdly, it is wise to specify ICT services in such a way that they can be mapped to newer, cheaper, easier-to-use technologies when the time is right to do so. Also, technologies for managing "non-database" data (documents, product data, images, sound, video) are rapidly dropping in price, increasing in capability, and being integrated with workflow and intranet products. Adopting more of this technology will cause major changes to many organisations and will dramatically change the ratio of their database and documentbased IT support -it is generally accepted that less than 10% of business information is stored in databases.
2SSRUWXQLW\ IRU $''(
Much of the guidance currently published for distributed application development is more about how to use technology than about how to support business. This encourages a mind-set of "How can I use the features of this GroupWare (or Internet, or database, or whatever) technology in my organisation". Often, the guidance is defined for specific product sets; often, it comes from the product vendors. This tends to lock organisations into these product sets. Even worse, product-oriented guidance and the desire for rapid development often means that requirements are defined only in the implemented system -what the technology does, without why it is doing it and what business purpose is served. Migration to newer, better technology is hindered, because it is difficult to abstract the requirement from the current implementation. What is needed, and what ADDE provides, is guidance driven by business requirements. "What is my organisation doing? What kind of ICT support does it need? What are the best technologies to provide it?" (See also (Saadoun, 1996) and (Hawryszkiewycz, 1997) for similar approaches). ADDE is unique as it supports:
• distributed work practice, specified independently of the technology used to support it • business-driven ICT requirements • mapping to heterogeneous technology -database, GroupWare, workflow, Inter/intranet • separation of business, work practice and ICT specifications • applicability within different development methodologies.
6RPH LVVXHV FRQVLGHUHG LQ $''(
These issues discussed above apply generally to system development, but distributed business has some additional concerns which are considered in ADDE:
• business activities may be done in different locations, with different business rules (e.g.
in different countries) • collaborative activity may be spread over several locations, and they will need to be coordinated • responsibilities for tasks may be allocated differently in different types of location • there may be requirements for locations to continue to operate (perhaps in degraded mode), if they are temporarily unable to communicate with other locations • there may be requirements to replicate IT function and partition or replicate data, for resilience, security, performance • ICT services might be mapped to different technology configurations in different parts of the geography. The requirements for ADDE are to address these issues and provide guidance to be used within more general approaches for business-driven application development, and tools to support the guidance.
5(68/76 2) 7+( $''( 352-(&7 *XLGH
The ADDE guide addresses distribution issues in design of business and information systems. It provides advice on identifying and making the design decisions that affect distribution of work practice and ICT service and describes the ADDE reports to support these decisions. The guide does not provide a development process, or assume any particular development process model. Instead, it is expected that the decisions, and the guidance to support them, will be incorporated into the general ICT development practice of organisations that use ADDE. The guide does not address all design decisions; it is focused on those that affect distribution. It can be used without the support of the ADDE repository but is more effective with it.
5HSRVLWRU\
The ADDE repository is implemented in Softlab's Enabler, with an import/export interface that is currently used by two application development tools. It supports the guide by storing data from which ADDE reports can be created to support design decisions; providing a set of query programs that extract the content of the ADDE reports; storing the results of design decisions; providing diagnostic programs to help establish completeness and consistency of the data stored. An important side effect is that data captured by tools that support one view of development, such as business processes and events, can be accessed by tools that support other views, such as workflow design, database specification and user interface.
Later in the ADDE project an application program interface (API) will be published. Development tool owners may then choose to implement it, and be able to access the repository content directly.
$''( 0RGHO
The ADDE model is the object/class model on which the ADDE repository is based. It is based on UML (Rational, 1998) . The ADDE guide can be used by developers without knowledge of, or reference to, the ADDE model (although some may find it of interest as background, to help them understand the concepts). The model will be of more direct interest to tool developers who wish to interface their products with the repository, or to store ADDE data in their own files or repositories.
35,1&,3/(6 2) $''(
This section introduces the underlying principles and concepts that are used in ADDE. The principles themselves are already a very abstract form of guidance and could easily be adopted by development methods. The basic principles of ADDE are the following:
• Focus on the distributed enterprise • Separation of organisational and technical elements • The design as a decision process • Use of ADDE-reports in the Guidance • Description of technology services • Method independence of ADDE guidance.
)RFXV RQ WKH GLVWULEXWHG HQWHUSULVH
The context within which ADDE should be used is distributed enterprises. The GLVWULEXWHG HQWHUSULVH is an organisation spread over several geographical networked locations, i.e. the enterprise is distributed when we have different coupled business objects (processes, information, actors, tasks, resources, etc.) residing in different locations integrated into a larger co-ordinated organisation. An HQWHUSULVH may be a company, a department, division or group within a company, a network of companies (e.g. a manufacturer and its customers and suppliers, or an alliance between companies), an administration or a set of administrations, or any combination thereof. By RUJDQLVDWLRQ we mean a human system, i.e. a structured group of people, possibly using machines (including computers) co-ordinating their efforts towards certain goals. By EXVLQHVV we mean a more abstract view of the organisation where the processes and their objectives are represented independently of the work practices, i.e. the way they are allocated to the actors and the way these actors are organised to execute them. A distributed enterprise contains one or several information systems. The LQIRUPDWLRQ V\VWHP ,6 is an aspect of the organisation that provides, uses and distributes information. It is thus an aspect of a human system which possibly contains computer systems based on specific computer & communications technologies in order to enable communications between locations, to support collaboration between them and to automate local business activities. All design issues for non distributed enterprises are relevant for distributed enterprises; but they may change and new issues appear because of the distributed nature of the enterprise. The issues common to distributed and non distributed enterprises are included in ADDE as soon as they contain elements which are specific to distributed enterprises.
6HSDUDWLRQ RI RUJDQLVDWLRQDO DQG WHFKQRORJLFDO HOHPHQWV
Adaptability of an enterprise to the changes in the market is a key factor of success and sometimes even survival. • There may be a tendency to rush towards the new technologies, following a mode effect, without assessing the benefits for the business; • On the contrary, a too defensive attitude against the technological progress might induce deadly losses of opportunities;
• The variety of possible ways of working is increasing dramatically and new ways of working may not only increase the efficiency of the enterprise but also its business performances;
• A too narrow dependency on a specific technology may constrain the enterprise and prevent it from evolving and adapting to its environment;
• The exclusive record of business rules in software may induce a loss of human expertise and hamper the business capability of adaptation. The current situation is at the same time complex and uncertain. Innovation is key for the competitive advantage of the enterprise within a complex world, but it may constitute a real adventure involving a lot of uncertainties. Therefore, ADDE attempts to identify and separate, as far as possible, the organisational issues from the technological issues. It advises to state explicitly the characteristics of the organisation and their impact on the technological choices and it helps to justify the technological choices by organisational considerations. However, ADDE acknowledges the interlacing between the opportunities provided by the technologies and the forms of organisations that are possible (Saadoun, 1996) , (Hawryszkiewycz, 1997) ;in different terms, the kinds of organisational options that are possible depend on the technological state-of-the-art. Nevertheless, the choices regarding the organisation and the technology are not to be mixed at the same level: the organisational choices should justify the technological choices and the state-of-the-art of the technology should validate the feasibility of these organisational choices; and not the opposite!
7KH GHVLJQ DV D GHFLVLRQ SURFHVV
The design of applications for distributed enterprises is a decision making process. This process is not trivial because the number of characteristics of the enterprise to determine is very large and most characteristics are depending on each other, i.e. the decisions on a set of characteristics may decrease the degree of freedom for the definition of other characteristics. Eventually the whole set of characteristics should be consistent. Finally, the complete design must be assessed against quality, cost, benefit and risks; this requires often to adapt the characteristics until the whole design is satisfactory. Thus, in order to design applications for distributed enterprise that meet the needs of the customers, an effective approach to managing the design decision process in a rational way is needed.
7KH DSSOLFDWLRQ GHVLJQ
In this context, DSSOLFDWLRQ GHVLJQ may imply a change of the business activity, and/or a change of the work practices, and/or a change of the ICT services, and/or a change of the technology implementing the ICT services. ADDE guidance applies best to the rational design of applications by providing a set of knowledge, methods, heuristics, models, etc. which assist practitioners involved in the design of organisations to make and justify their decisions. By UDWLRQDO DSSOLFDWLRQ GHVLJQ, we mean a design where each design choice is justified by arguments based on characteristics of the situation of the enterprise within its environment: business needs, problems, strategy, perspectives etc. Within a complex environment, it is difficult to plan and control the evolution of an organisation taking advantage of the ever growing opportunities provided by the technologies. A moving environment hardly lends itself to the explanation by simple and stable theories. The way evolution happens is more often the result of an emergence phenomenon than a consequence of a purely rational design process. By HPHUJHQFH of a new organisation, we mean a leap from the old stable state of the enterprise to a new stable state with its proper goals, structures and functioning. This leap can be desired or not, triggered or not, conscious or not, controlled or not. It results from some evolution of the learning enterprise and/or its environment. It could be induced by the pressure of the market, the adoption of new technologies (e.g. GroupWare, Internet), the imitation of the competition, the hiring of new staff, etc. Emergence may be the result of a self adaptation process of an enterprise in response to stimuli from the environment (e.g. changes in the market, the competition, the technology); this self adaptation process may be more or less driven by a clear reason. Nevertheless, we assume that an evolution process -even by emergence-may be guided and at least partially controlled by some rational design process. The advantages of a rational design process are a better control of the enterprise evolution towards its target and an improvement of the maturity of the enterprise by learning.
7KH GHFLVLRQ SURFHVV
The way to apply ADDE guidance is to consider the application design process as a decision process. During the course of the change of an organisation (and its information system), many decisions need to be made (CECDGIII, 1996) . Some decisions concern the target domain, i.e. the organisation (and its IS) to be adapted. Other decisions concern the project domain (in the case where there is an identified project), i.e. the plans, schedules, resources and the progress of the project with regard to those elements. Last but not least, there are decisions regarding the contract domain (in the case where there are identified customers and suppliers), i.e. the elements which constitute the contractual arrangements between customers and suppliers. $''( LV FRQFHUQHG ZLWK GHFLVLRQV UHODWHG WR WKH WDUJHW GRPDLQ DQG PRUH SDUWLFXODUO\ ZLWK GHVLJQ GHFLVLRQV : a sub-class of target domain decisions.
As presented in Euromethod, target domain decisions are classified as investment decisions, design decisions and system acceptance decisions (CECDGIII, 1996) . Investment decisions are decisions on whether to invest in a new (or modified) organisation (and information system). There should always be an initial investment decision before starting a project. However, the initial investment decision may be reviewed or refined on the basis of the additional information gained during the project. Design decisions are decisions on whether a new (or modified) organisation (and information system) is acceptable as it is described.
There are two types of system acceptance decisions: decisions to accept a constructed and tested information system and decisions to accept an installed and operational information system. The first two types, i.e. investment and design decisions, concern directly the design process. Normally, investment decisions precede design decisions. Sometimes, the separation between design and investment decisions is not clear since even detailed design choices may affect costs and benefits of systems, and on the other hand it is impossible to decide on investment without making a bit of design.
All design decisions are grouped according to the following three views (refer to Euromethod (CECDGIII, 1996) ). The %XVLQHVV YLHZ represents the business processes and information of the target domain, independently of which actors are performing the processes in the actual working practices and where they are performed. The :RUN 3UDFWLFH 9LHZ represents the actors and the locations ; and the way in which the actors perform the processes and use the information in the different locations. The ,&7 6SHFLILFDWLRQ 9LHZ represents the ICT support of the work practices ; this one may be split into a logical view and a technology mapping view ; the first one is independent on the physical ICT components and their locations and the second one is not.
8VH RI $''(UHSRUWV LQ WKH *XLGDQFH
In addition to the guidance ADDE offers a number of ADDE reports providing the information needed to make the design decisions. If the designer is feeding the ADDE repository with his modelling results or work products he can actually extract the necessary information as an SQL-report from the repository. If the designer is not using the ADDE repository he can at least understand what kind of information he is advised to have using the definition of the ADDE report and the description of the concepts from the ADDE model. ADDE report types are external views of a single meta model: the ADDE model. The ADDE model defines concepts and their relationships for the ADDE repository which holds the set of characteristics describing the IS (see Figure 2) . The repository ensures consistency between the reports. It is very difficult and not very useful for the purpose of application design to classify the technological products on the basis of some pretended intrinsic properties (e.g. workflow, GroupWare, distributed data base, client-sever system, Intranet, WEB). This sort of classification reflects more a historical perspective (for what kind of service has a product been originated) than current capabilities of the products (Grudin, 1994a) . In addition, the rapid evolution of the technologies makes the classification schemes obsolete after a short period. Indeed, the services provided by each class of technology tend to extend and to overlap with the other ones which renders the classification more and more problematic and useless (Grudin, 1994a) . On the other hand, it is useful to characterise the services, which can be delivered by each technological product to an organisation (Reinhard, 1994) . This information would greatly facilitate the design by allowing to match services with organisational requirements, i.e. by required characteristics of the technological services. If specific technological products were described in terms of their services and their assumed characteristics, it would ease the selection of a technological product on the basis of the organisational requirements in a particular situation.
0HWKRG LQGHSHQGHQFH RI $''( JXLGDQFH
Although it is not mandatory, ADDE can be used as a supplement to an existing development method. The ADDE guidance can, however, be completely integrated into a method in the following way (See Figure 3) :
• by creating the appropriate links between the method guidance and ADDE add-ons, e.g. guidance on certain decisions.
• by composing or enriching method work products with the content of ADDE-reports.
• by mapping the content of method work products to the ADDE model and feeding the ADDE repository with the information. The DFTXLVLWLRQ process is the customer-supplier process of obtaining a system or a service, or any combination thereof, to satisfy selected business needs (CECDGIII, 1996) . The acquisition manager is the role responsible for controlling an acquisition and its various contracts. ADDE provides guidance to the IS acquisition manager (and contract manager) and the project manager of a distributed application development on defining the application development and on planning the application development. Defining the application development consists in understanding the business strategy, analysing the requirements to the application, analysing the costs and benefits of the application development, and analysing the risks of the application development. Planning the application development consists in determining the overall development scenario, elaborating the risk management strategy, and designing the delivery plan of the application development. These activities are normally performed at the start of an IS acquisition process and thus before the application development project starts. &XVWRPHU and VXSSOLHU are the two parties of the contract ; one responsible for the acquisition and its goals, the other responsible for the supply of a system, product or service under the terms of the contract. The customer may designate a part of its organisation as supplier (internal supplier). The results of the acquisition planning, the delivery plan (See Figure 4) , should be documented in the technical annex of the contract if the project is governed by a contract. It consists of a plan for the delivery containing the sequence of decisions points that the customer and supplier want to make. In conformity with the philosophy of ADDE, the guidance here is not comprehensive; it addresses the essentials for distribution that should be considered in these activities. Rather than used stand-alone, it is intended to be incorporated into organisations' general practice or acquisition methods such as Euromethod (CECDGIII, 1996 
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0LFUR GHFLVLRQV
Micro-decisions are decisions addressing a certain aspect of a certain part of a system (the system may be the organisation and/or the ICT system). Micro-decisions form a base of reusable decisions which can be used in different contexts, i.e. within different macro-decisions. The identification and the description of those decisions by the ADDE project have used three sources. The first source consists in the existing IS development methods ; these methods do provide some guidance on distributed data base and client-server design but they are weak on work practice design and « modern » distributed system design (Internet, intranet, GroupWare, workflow, etc.) . The second source is the scientific literature (See some references below) where it is possible to find guidance on specific topics such as « how to ensure security and reliability in certain classes of systems », « what are the important characteristics of the communications », « how to distribute data and functions in client-server applications ». The third source is the practical experience of the ADDE partners. Real projects are used at the same time to provide input to ADDE and to validate ADDE results.
The micro-decisions are structured according to the ADDE views.
%XVLQHVV 9LHZ
Concerning business activities, many decisions are made which do not concern the distribution aspects of the enterprise. The decisions which are listed hereunder are the ones that impact the distribution of the enterprise. Therefore, it is not a complete set of decisions regarding business activities: there are a lot more decisions which are relevant to the enterprise whether distributed or not.
• BP1. Which business processes should be performed by the enterprise?
• BP2. Where should the customers be located?
• BP3. Where should the suppliers be located?
• BP4. Where should the partners be located?
• BP5. How should business processes be adapted to different locations?
• BP6. How should business information be adapted to different locations?
:RUN 3UDFWLFH 9LHZ
The work practice view being the essential view to represent distribution, all decisions relevant for organisation and IS design are listed. This allows the reader to have a comprehensive view of the decisions made in work practice design. Decisions may address the global work practice view or the detailed work practice view. The JOREDO ZRUN SUDFWLFH differs from the GHWDLOHG ZRUN SUDFWLFH in the following respect:
• The focus is on characteristics influencing costs, benefits and risks.
• Tasks remain global, i.e. the decomposition should not go to deeply in detail. One stops refining when the design can support a fair estimate of costs, benefits and risks involved in the new system development, installation and operation. It happens sometimes that a representative sub-set of the tasks is decomposed down to the finest granularity, in order to better assess issues such as computerisation and to better evaluate costs, benefits and risks. This representative sub-set contains generalised tasks which do not take into consideration special cases, or sub-types processes.
• The considered actors are normally aggregate actors (e.g. organisation units, groups) and not individuals.
• When individual actors are considered they are considered as types of actors (organisation position) and not instances of actors. The types of actors are rather general and sub-types are usually not considered.
• Some sub-decisions are not made, if it is obvious that they have no impact on costs, benefits and risks; they will be made in the detailed work practice design. /LVW RI GHFLVLRQV (Reinhard, 1994) ,&76SHFLILFDWLRQ 9LHZ
The ICT specification view may be separated into a logical view and a technology mapping view ; the first one is independent on the physical ICT components and their locations and the second one is not. /RJLFDO ,&76SHFLILFDWLRQ 
*XLGDQFH RQ PLFUR GHVLJQ GHFLVLRQV
Each micro-decision is described according to the following format:
'HFLVLRQ Name of the decision such as listed in the previous section.
:KDW LV GHFLGHG"
Characteristics of the system that are decided by fixing their value. A characteristic refers to one or more concepts of the ADDE model. $''( UHSRUWV ADDE reports that provide the necessary information (input characteristics) to allow to make a decision. ADDE reports are defined as SQL-reports and could be provided by the ADDE repository.
*XLGDQFH
Heuristics which help the designer to make the decision. Normally, the heuristics should relate What is decided?' with the content of the input ADDE reports.
([DPSOH
The decision may be explained by an example from EU-Rent giving the kind of options one has.
6XEGHFLVLRQV
When the decision contains sub-decisions, they are mentioned here. Sub-decisions are described in a similar form.
0DFUR GHFLVLRQV
Macro decisions are logical groupings of inter-related micro-decisions :
• of the same type which bear on related components of the system, e.g. : * decisions on the automation of the various tasks constituting a business activity * decision on the quality requirements (including security) of all the communications of an application • of different types which bear on the same set of components, e.g. : * decisions on the communication, co-operation, co-ordination and actor structuring for a certain part of the organisation * decisions on the location of business activities, the allocation to actors, the tasks characteristics for a certain unit of work. A macro-decision provides: a context in which micro-decisions are made; a set of inter-related components on which the micro-decisions bear; possibly a set of relationships between the micro-decisions (inter-dependencies); a consolidation decision which ensures the consistency of the individual results of the micro-decisions and provides an assessment of the overall result. The aggregation relationship between macro and micro decisions may be represented by a GHFLVLRQ WUHH that is a hierarchical structure of design decisions. Nodes are macro-decisions while leaves are micro-decisions. An example of decision tree is presented in Figure 5 . This tree is not complete since it does not end up with micro-decisions which should constitute the leaves of the tree. It can be completed by tables such as the one shown in Figure 6 , which decomposes the node « What are the requirements for collaborating groups ? » into micro-decisions. The main strength and contribution of ADDE to system design is the focus on distribution issues and, in particular, on issues related to modern distributed systems (groupware, workflow, intranet, Internet, etc.) . The partners of the project having an extensive knowledge of methods existing in the market (Merise, SSADM, IE, OMT, etc.) have considered that none of those methods provide an adequate guidance on distribution issues. The idea of ADDE is to complement the existing methods on distribution issues rather than to replace them completely.
The focus on a decision-oriented design process is the other major strength of ADDE compared to the existing methods which present the design process as a sequence of tasks (activity-oriented) supported by modelling techniques (product-oriented). Dowson (Dowson, 1988) has identified three major classes of process models : activityoriented, product-oriented and decision-oriented. Later on, Colette Rolland (See for example : (Rolland, 1993) ), has demonstrated that decision-oriented process models are the most appropriate for describing the requirements engineering process.
The existing methods focus on the way to represent (or to model) systems but they are rather weak in their guidance on the choice of characteristics (the substance) of the designed system. ADDE does not intend to substitute for the existing methods but it aims to enhance them and to complement them by plugging in the macro-and micro-decisions (and supporting ADDE reports) to these methods. A first experiment of such a plug-in is currently undertaken by Sema Group in the area of business process engineering. ADDE has a consistent decision-oriented view of the processes executed by the main roles involved in application development : the acquisition manager, the project manager and the designer. Acquisition managers plan decision points in their delivery plans; project managers plan macro-decisions as part of the tasks to be executed by the designers ; these macrodecisions must contribute to the decision points of the delivery plans ; designers execute these macro-decisions and their contained micro-decisions. This philosophy has been advocated by Euromethod (CECDGIII, 1996) to ensure that the different levels of management of a project (as well as the customer and supplier of a project) share a common understanding of the project ; this common understanding being based on the substance of the project and not only on formal QA procedures. The third main strength of ADDE is the driving of work practice design from business requirements and the driving of technological choices from work practice requirements (See above : Separation of organisational and technological elements). This is considered by the ADDE partners as one of the main demands from ICT customers who feel they are too much technology driven and who tend to loose the traceability between their ICT systems and their core business requirements. ADDE guidance is currently tested in trial projects. Although some positive results have been obtained, it is too early to draw any conclusion on benefits accrued by using ADDE. In addition to these trials, the ADDE project is currently working on two topics. Firstly, it is enhancing the guide and the meta-model regarding the ICT Specification part; the Work Practice View may be considered as complete. Secondly, it develops the repository and the front-end tool set in line with the developments of the meta-model and the guide. Some ADDE results are publicly available on the Web (http ://www.fast.de/ADDE). An open forum has been created and we welcome comments from the ICT community that would allow us to improve the current version. 
